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ABSTRACT 

Results are presented on the measurement of 200 GeV/c n-p elastic 

scattering from -t of 0.8 to 11 (GeV/c12. As -t is increased, da/dt 

falls by -6 decades to a prominent dip at 4 (G~V/C)~, followed by a 

second maximum and then a slow decrease with increasing -t. 

Above -10 GeV/c incident momentum, there is now a considerable 

amount of data on large -t proton-proton elastic scattering (l-41 , 

giving information on both the energy dependence of the cross section 

out to -t -15 (5) and the prominent dip in the t distribution at -t 

-1.4 which appears above -150 GeV/c incident momentum. Recent pp 

datat6) at 50 GeV/c also show a dip at -t = 1.4. Many models have 

been proposed to explain features of these data - a few examples are 

given in references 7-12. 

In contrast to baryon-proton scattering, not much large -t rip 

information is available at high energies; data exist near 20 GeV/c (13,141 

and have recently become available at 50 GeV/c (15) , but above that 

beam momentum existing data (16) extend out only to -t -2. Some models 

for np scattering exist (17-23) ; a few predict dips in the t distribu- 

tion similar to the baryon-nucleon case, but with no consistency in 

the predic,ted location. 
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The experiment described here, which was carried out in the M6E 

secondary beam at Fermilab, was undertaken to measure IT-P elastic 

sca~ttering at 200 GeV/c out to -t -11, to compare with pp large -t 

scattering. Data on other incident particles at both Cl00 and 1200 

GeV/c, which extend to a -t of -3, will be reported at a later time. 

The experimental layout is shown in Figure 1. The beam, with 

about lo7 particles per 1 second spill, was made almost parallel 

through the appara~tus so that determination of individual particle 

directions was unnecessary. Magnetic spectrometers were used to 

detect the scattered and recoil particles over the range 0.8 < -t 

< 11. Electronic logic for the four scintillation counter hodos- 

copes was arranged in matrices to strongly favor elastic events; 31 

proportional wire chambers (PWC's) containing 7800 wires were used 

to record particle tracks. For the present data, a signal from the 

threshold Cerenkov counter, set just below the antiproton threshold, 

was required; in addition, there was a differential Cerenkov counter 

in the beam, and the absence of a signal from it was required when 

it was set on a particle other than a nTI-. The typical trigger rate 

was -40 per accelerator spill. 

In the off-line analysis, the angles and momenta of the two 

outgoing particles were determined from the PWC data, and cuts were 

placed on these quantities around the expected elastic values to 

determine the number of elastic events at each t value. The remain- 

ing background was determined to be no more than 5% of the signal at 

any t, and at the current stage of the analysis has not been sub- 

tracted. The overall PWC and reconstruction efficiency was determined 

to be -80%. Elastic events were found to be -4% of all triggers. 
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Small corrections to the data were made for particle absorption 

in the hydrogen target and material in the spectrometers, contamina- 

tion in the pion beam, pion decay, 6 rays from the hydrogen target 

causj.ng vetos, and dead-time effects oE the veto counters. Radia- 

tive corrections were also appli.ed (24) . A Monte Carlo simulation 

was used to evaluate the geometrical acceptance of the apparatus; 

this varied smoothly, with a maximum azimuthal acceptance of 5%. 

We estimate that systematic uncertainties on the overall nor- 

maliza,tion of the data presented here are +30%; this figure is ex- 

pected to be reduced with further analysis. 

Our results are shown in Figure 2, while Fig. 3 compares our 

results with earlier data (13-16) . We agree with the earlier 200 GeV/c 

da~ta(16) up to -t -2 within the quoted normalization uncertainties. 

The data show a drop of -6 decades from -t = 1 to a minimum at 

-t = 4, followed by a second maximum and then a slow fall with in- 

creasing -t. The -t = 4 dip has not previously been observed. From 

the t distribution of the individual elastic events observed, the 

probability that the cross section is flat in the -t region 3.7 to 

5.7 is only 1%. Figure 3 shows in addition that there is negligible 

incident momentum dependence of the cross section between -t of 1 

and 3, although there is considerable dependence in the dip region. 

When our data are taken together with those of Ref. 16, the 

shape of do/dt 0u.t to -t of -4 is considerably more complex than a 

simple exponential form Ae Bt . Local values of B decrease from 10 to 

6.5 to 4.5 (GeV/c) -2 
at -t of 0, 0.6, 2.0 respectively. At -t -3, B 

increases to 5.5 (GeV/c)-2 as the dip is entered (25) . For the region 

5 < -t < 11, the value of B is determined to be 0.65 ? 0.20(GeV/c)-2. 



-4- 

The observed diffraction-like shape of the n-p t-distribution 

ins not consistent with many of the model predictions, including QCD 

which gives a reasonable description of large -t pp data . (7) The 

dip location, if viewed as a simple diffraction effect, seems to 

occur at a larger -t value than might be naively expected from the 

np total cross section: some eikonal models (19,2X) , however, do 

predict dips in the -t region around 3 to 5. The dip is not present 

in 20 or 50 GeV/c da~ta, although an abrupt change of slope occurs 

there at 50 GeV/c. This behavior with increasing momentum is similar 

to that of the -t = 1.4 dip in pp scattering, which is not seen below 

-150 GeV/c. 

In conclusion, it appearsnow that a prominent dip in the elastic 

cross section, suggestive of a diffractive mechanism, may be a gen- 

eral phenomenon in the -100 GeV/c region and above, having now been 

observed in pp, pp and n-p scattering. 
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FIGURE CAPTIONS 

Figure 1. Experimental layout. Hl - II4 are scintillation counter 

ho&scopes; Pl -P8 are proportional wire chamber arrays. The 72D18 

field in,tegral was 360 Kg-ins, while the total field integral of the 

two BMl09 magnets was 2600 Kg-ins. Not shown are veto counters around 

the liquid hydrogen target, helium bags in the forward spectrometer, 

moni.tor telescopes, and apparatus in the incident beam such as scin- 

tillation counters, proportional wire chambers, SWIG's, and a differ- 

ential Cerenkov counter. 

Figure 2. Results from this experiment on 200 GeV/c ~r-p elastic scat- 

tering. Statistical errors only are shown. When no events were 

observed in a bin, the upper limit shown corresponds to one event. 

Figure 3. Results from this experiment, together with earlier data: 

CERN 20 GeV/c'14), BNL 23 GeV/c(13), CERN 50 GeV/c(15), and Fermilab 

200 GeV/c(16). For clarity, not all data points~ are shown. The 

curves are drawn to guide the eye. 
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